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KEIZCAL EDDIES OF DELTA WIRGS 

Rote ( x  ) by Robert Legendre, presented 
by Maurice Roy 

The problem i s  reduced t o  t h e  solut ion of a  nonlinear 
in tegrod i f fe ren t ia l  equation. 

1. I f ,  i n  accordance with t h e  scheme proposed by Maurice Roy, /3814 
t h e  flow i n  t h e  v i c i n i t y  of t h e  apex of a d e l t a  wing with h e l i c a l  
eddy bands i s  quas i - i r ro ta t iona l  and conical  and i f ,  e i t he r  because 
t h e  sweepback angle f i s  high or  t h e  Mach number approaches unity, 
t h e  po t en t i a l  9 i s  more or  l e s s  an harmonic function of y and z 
(0xyz orthogonal axes, 0  apex of wing, Ox ax i s  of wing, Oy i n  p l a r e  
of wing), t h i s  po t en t i a l  i s  approximately t h e  r e a l  pa r t  of 

y  + i z  
G = v x  cos CY -I- V,Y s i n  CY cot F(C), C = 0  9 

x  cot f  

where i s  t h e  incidence and V t h e  veloci ty  a t  i n f i n i t y .  
0  

The components u, v, w of t h e  ve loc i ty  a r e  given by 

v  - i w  
U = cos a + s i n  CY cot f  C(F  - C F ~ ) ,  = s i n  a F 6" 

2 .  The f inc t ion  F(6 ) i s  holomorphic i n  t h e  plane 6 cut by 
t h e  t r a c e  of t h e  wing, - 1 < 6 < 1, prolonged by t h e  t r ace s  of t h e  
two bands, except a t  i n f i n i t y ,  i n  t h e  v i c i n i t y  of which it behaves 
a s  - i C  with F  - 6~~ = 0, so t h a t  



u = V cos a, v = 0, w = V s i n  CV. 
0 0 

I n  t h e  plane 0 defined by = cos 8, t h e  function ~ ( c o s  0 )  i s  holo- 
morphic, except on t h e  t r ace s  of t h e  bands and a t  i n f i n i t y .  It Ls 
r e a l  f o r  r e a l  @ and f o r  t h e  purely imaginary @ = (2n + 1) -rr/z3 
where n i s  an  in teger .  

The function F ( 9 )  = F (cos 0 )  i s  zero i n  €I= (2n + lb/2 and 5 g 
f i n i t e  f o r  8 = nn, t h i s  l a s t  condition so  t h a t  Joukowsky's r u l e  m y  
be s a t i s f i e d  a t  t h e  leading edges. 

3. The cont inui ty  of pressure across a band imposes the 
condition of cont inui ty  of t h e  i n t ens i t y  V of t h e  velocity,  t h a t i s ,  
within t h e  framework of t h e  l inear iza t ion  which a l ready j u s t i f i e s  
t h e  form of @, and with t h e  proviso t h a t  t h e  d i scon t inu i t i es  i n  B 
and w a r e  moderate, t h e  cont inui ty  of t h e  component u or  t h e  r e a l  
pa r t  of t h e  function F - 6Fg. This function can now be represeated 

by a d i s t r i bu t i on  of sources over t h e  t r ace s  of t h e  bands i n  the 
plane 8.  

CO 

F - 6FC = i n  [ ( s i n  0 - s i n  @ ) ( s i n  D - s i n  @)I D ( y )  dy, 
0 Y 

where y i s  a parameter describing t h e  band attached t o  t h e  leading 
edge 8 = 0.  This parameter increases from 0 a t  t h e  leading edge t o  
i n f i n i t y  a t  t h e  end of t h e  band. The function ~ ( y )  i s  a paranetr ic  
representation of t h e  band 0 = ~ ( y ) ,  and ~ ( y )  i s  a r e a l  function,  

4. The above representation of F - C F ~  can be integrated : 

In  [ ( s i n  0 - s i n  @ ) ( s i n  - s i n  @ ) I  D ( y )  dy 
Y 
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The values of t h e  logarithms a r e  zero f o r  (3 = - TT/2 i n  FC. That of 

t h e  first  logari thi thm i n  F i s  a r b i t r a r y .  

5. I n  order t h a t  t h e  function F - GF be  zero a t  infini-ky, 
5 

t h e  sum of t h e  sources must be  zero: 

I n  order t h a t  F zero i n  (3 = - ~ / 2 ,  should a l s o  be  zero i n  B = 
6' 

= + d 2 ,  we must have 

There i s  no condit ion t o  be wr i t t en  a t  t h e  leading edge, where F 
i s  f i n i t e  a t  l e a s t  i f  ~ ( y )  i s  regular .  

I n  order t h a t  F(6 ) = - i a t  i n f i n i t y ,  we must have 



- J r n  &(L 
0 cos 0. 

Dy(Y) dy = 1. 

6 .  The t r ace s  of t h e  flow surfaces i n  t h e  plane 6 a r e  de -  
fined by: 

x  dc = t an  f ( d y  + i d z )  - 5 dx = [ t an  ( v  + i w )  - Cu] d t  

- 
= VOcos @[tan a t a n  fF< - C ( 1  + t a n  @ cotf R(F - S F ~ ) ) ]  a dt, 

where t i s  time. Subst i tu t ion of t h e  parameter y  gives: 

@ [  
t a n  a t a n f B -  C ( 1  + t a n  a cotf @(F - E q ) )  5 - ] = 0 .  

is, 

I n  par t i cu la r ,  t h e  h e l i c a l  bands a r e  flow surfaces 6 = 5(y)  = cox 
[ ~ ( y ) ]  f o r  t h e  flow on both s ides  corresponding t o  t h e  values 
F + - 6F/2 of t h e  function F. This implies t h e  two conditions: 

,-, r t a n  @ b n f  F< - C[1 + t a n  c0t.f Q(F - ~ q ) ]  I fi 

7. Condition ( 4 )  makes it possible t o  calcula te  D (y) as a 
Y 

function of o ( ~ )  



where A i s  a r e a l  function defined by 

The constant i s  found from condition (3)  and conditions (1) and 
0 

( 2 )  a r e  global  f o r  o( y ). Other conditions t o  be f u l f i l l e d  for A 
t o  be acceptable r e l a t e  t o  t h e  behavior of o (y )  i n  t h e  neighbor- 
hood of t h e  zeros of 

8. The function 5(y) = cos [ ~ ( y ) ]  which remains t o  be de- 
termined can be linked with t h e  r e a l  function k(y)  

The parameter y implicitly chosen i s  such t h a t  y + ~ / 2  i s  t h e  angle 
made with t h e  r e a l  ax i s  by t h e  tangent t o  t h e  t r a c e  of t h e  helical 
eddy band i n  t h e  plane 8, whereas t h e  radius of curvature R of t h i s  



band i s  R = k + k 
Y Y '  

Thus, condition ( 5  ) i s  a  nonlinear in tegrod i f fe ren t ia l  
equation applicable t o  t h e  unique r e a l  function k(y) ,  which must 
a l s o  s a t i s f y  t h e  global  conditions of paragraph 7 defining t h e  
constants of in tegra t ion .  

9 .  It i s  d i f f i c u l t  t o  calcula te  t h e  solut ion k ( y )  or even 
t o  show t h a t  a well-defined one e x i s t s .  If it does, F i s  a f m c -  
t i o n  of 5 ,  CY, f .  However, i f  t a n  CY cot f  i s  small compared . d th  1, 
condition ( 5 )  reduces t o  

t a n  CY iz~.~~f F< - C I = 0 i c y  

and F depends only on C and t a n  CY t a n  f .  

10.  The experimental r e s u l t s  suggest t h e  choice f o r  k ( y  ) 
of an even function of y, zero f o r  y = 0 and such t h a t  t h e  radius 
R = k + k quickly tends t o  zero a s  y increases.  I f  k ( y )  depends 

YY 

on a f a i r l y  l a rge  number of parameters, t o  be determined a s  a fune- 
t i o n  of a/ and f ,  t h e  global  conditions can be s a t i s f i ed ,  and eondi- 
t i o n  ( 5  ) or  (5a )  can be wri t ten  a t  several  points t o  obtain an 
approximation. 

11. I n  a previous paper [ l ]  r e l a t i ng  t o  t h e  flow of an in -  
compressible f l u id  around a d e l t a  wing, t h e  equation s a t i s f i ed  by 
t h e  po t en t i a l  and t h e  condition of cont inui ty  of pressure were not 
simplif ied,  but t h e  discussion was more complex. Wo hypothesis was 
made concerning t h e  order of magnitude of t h e  velocity,  which could 
assume a high o r  even i n f i n i t e  value a t  t h e  end of a band, a s  sug- 
gested by t h e  experimental r e su l t s ,  complicated though these  may 
be, on t h e  e f f ec t s  of v iscosi ty .  

( x )  Meeting of 4 December 1963 
[ l ]  Helical  Eddy Bznds a t  t h e  Leading Edges of a Delta Wing, 

La Recherche aeronautique, May 1959. 



Some Remarks on t h e  Above Note 

Maurice Roy 

I take  a l l  t h e  more pleasure i n  presenting t h e  above Note 
i n  t h a t  it makes an important contribution t o  t h e  determination, 
f o r  a plane inde temina te  d e l t a  wing, of t h e  h e l i c a l  eddy bands, 
which I introduced i n  1952 [ I ]  t o  schernatize t h e  flow around a 
wing of t h i s  s o r t .  

This very remarkable advance consis ts ,  thanks t o  an ingen- 
ious choice of t h e  parameter y and t h e  treatment of t h e  function 
( F  - CF~), i n  reducing t h e  determination i n  question t o  t h e  solu- 

t i o n  of a unique and - r e a l  function ~ ( y )  sa t i s fy ing  a r e a l  and 
nonlinear in tegrodif f  erent  f a 1  equation. 

This concept confirms t h a t  of t h e  equivalence of a h e l i c a l  
eddy band, f o r  R. Legendre's reduced t ransverse  pseudo-flow i n  t h e  
plane Q, and a d i s t r i bu t i on  of source eddies over t h e  "trace" of 
t h e  band, a d i s t r i bu t i on  reducible t o  a simple source d i s t r i bu t i on  
f o r  t h e  determination of Legendre's function ( F  - CFC). 

However, I would l i k e  t o  r e c a l l  t h a t ,  i n  accordance with 
t h e  concept t h a t  I defined i n  1957 [2],  t h i s  band would be bordered 
by a "flange" type of source eddy, t h a t  i s ,  one of f i n i t e  i n t ens i t y  
d i s t r ibu ted  over a f a i r l y  small cross-sectional  area and repre- 
sented schematically, i n  r e l a t i on  t o  t h e  flow close t o  t h e  wing, 
by a concentrated source eddy, a so-called "apex eddy." I n  f a c t ,  
t h e  sources i n  question a r e  negative, i . e . ,  t h e  above eddies a r e  
of t h e  well  type.  I n  t h e  t ransverse  pseudo-flow (plane q, of' my 
1957 Note), these  wells a r e  compensated by d i s t r ibu ted  sources, 
which might be schematized, i n  r e l a t i on  t o  t he  flow close  t o  %he 
wing, by one or  more f i n i t e ,  d i s c r e t e  sources. 

It i s  t o  be hoped t h a t  t h e  ingenious t heo re t i c a l  simpli- 
f i c a t i on  of t h e  above Note w i l l  soon produce some numerical solu- 
t i o n s  f o r  spec ia l  cases.  

[XI Comptes rendus, 234, p.  2501, 1952, 
[21 Comptes rendus, 244, p .  1105, 1957. 
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